Behavioural objectives were used as advance organizers to teach some senior secondary school year two (SSS 2) mathematics topics. The study adopted a pretest, posttest control group quasi experimental design. Ninety SSS 2 students from two purposively selected senior secondary schools, who were the participants, responded to the researcher developed and validated mathematics achievement test (MAT), the research instrument. The t-test of significance was the main statistical tool used for data analysis. The experimental class which received the advance organizers obtained mean posttest score which was significantly higher than the mean posttest score of the control class. Results revealed that the use of behavioural objectives as advance organizers is an effective strategy for teaching and learning mathematics. The strategy is also capable of improving students' mastery of content at the comprehension level than at the knowledge level of cognition. Based on the findings, the study recommended that behavioural objectives and other forms of advance organizers should be used by mathematics teachers to complement the teaching of mathematics at the secondary school level.
INTRODUCTION
has shown how prior knowledge affects the learning process by distinguishing between 'rote learning' and 'meaningful learning'. While agreeing with Ausubel (1960) , Abdulahi (1980) submitted that meaningful learning, occurs when there is an interaction between the learner's existing knowledge and the new learning material; and where there is no such interaction, rote learning takes place. Those parts of the learner's existing cognitive structure that can provide for the interactions which may lead to meaningful learning are described as 'subsumers'. Thus, a subsumer is any concept, generalization or principle that the learner already knows that can provide for association for the various components of the new knowledge. On the other hand, 'advance organizers' are used in the absence of subsumers. As new learning must be linked to existing knowledge for meaningfulness, advance organizer is introduced in the form of a topic which contains ideas with which the learner will have some familiarity. Advance organizer provides cognitive bridges or links for binding together both existing and new knowledge. A number of definitions of the term "advance organizer" might be necessary at this point.
Advance Organizer, according to Woolfolk (2001) , is "a statement of inclusive concepts to introduce and sum up material that follows". Ausubel (1960) defined advance organizer as "a cognitive instructional strategy used to promote the learning and retention of new information"; while Anderson (2004) defined it as "a method of bridging and linking old information with something new". An advance organizer is information that is presented prior to learning that can be used by the learner to organize and interpret new incoming information (Mayer, 2003) .
Advance organizer as a concept was developed and systematically studied by David Ausubel who was greatly influenced by the teachings of Jean Piaget (Geier, 1999) . Ausubel worked consistently to prove that advance organizers facilitate learning and much of his research has influenced others since 1960. Ausubel had postulated that when instructional "organizers" are introduced in advance of the actual learning material, there is an increase in achievement of a learner because the "organizers" will function to create subsumers which facilitate meaningful learning. Ausubel's advance organizer can best be classified as a deductive method. Deductive methods or reasoning provide the rule to follow then the example leading to the correct answer or learning. This is opposite to inductive method or reasoning that provides the example to follow then the rule. Advance organizers are also highly useful in the process or transferring knowledge. Arising from the deductive reasoning, students are able to use the rule then the example for learning to occur. The effects of advance organizers, according to Mayer (2003) , should be most visible for tests that involve creative problem solving or transfer to new situations, because the advance organizer allows the learner to organize the material into a familiar structure. Since the advent of advance organizers, research has been able to prove that the strategy work best when there is no prior knowledge involved, because an advance organizer becomes the student's prior knowledge before learning the new material. Although, many find advance organizer to be a useful tool for teaching students new concepts when they do not have previous knowledge of a concept, there are those who feel that advance organizers are not beneficial, especially to students who have a good understanding of concepts and do come with previous knowledge. Although it is seen that advance organizers do not benefit these good students, they may benefit slower learners and those that do not have a wide knowledge of topics available to them (Mayer, 2003) .
In explaining meaningful learning, Ausubel (1960) introduced the concept of a "subsumption model" as a pedagogic device in which central and highly unifying ideas are stated in terms already familiar to the learner, to which he can meaningfully relate new ideas by subsumption. It is also recognized that the "cognitive structure" of the learner can be manipulated in order to enhance meaningful learning. One of the ways this can be brought about involves the use of introductory materials or "organizers" which may consist of appropriate subsumers. The introduced subsumers, according to Ausubel (1963) thus become "advance organizer" or "anchoring foci" for the reception of new materials. Ausubel's theory is concerned with how individuals learn large amounts of meaningful material from verbal/textual presentations in a school setting (in contrast to theories developed in the context of laboratory experiments). According to Ausubel, learning is based upon the kinds of superordinate, representational, and combinatorial processes that occur during the reception of information. A primary process in learning is subsumption in which new material is related to relevant ideas in the existing cognitive structure on a substantive, non-verbatim basis. Cognitive structures represent the residue of all learning experiences; forgetting occurs because certain details get integrated and lose their individual identity. Based on this, Ausubel proposed the use of advance organizer as a major instructional mechanism. The organizer is introduced in advance of learning itself, and is also presented at a higher level of abstraction, generality, and inclusiveness; and since the substantive content of a given organizer or series of organizers is selected on the basis of its suitability for explaining, integrating, and interrelating the material they precede, this strategy simultaneously satisfies the substantive as well as the programming criteria for enhancing the organization strength of cognitive structure (Ausubel, 1963) . Ausubel stressed that advance organizers are different from overviews and summaries which simply emphasize key ideas and are presented at the same level of abstraction and generality as the rest of the material. Organizers act as a subsuming bridge between new learning material and existing related ideas. Ausubel's theory has commonalities with Gestalt theories and those that involve schema as a central principle. There are also similarities with Bruner's "spiral learning" model, although Ausubel emphasizes that subsumption involves reorganization of existing cognitive structures not the development of new structures as constructivist theories suggest. Ausubel clearly indicates that his theory applies only to reception (expository) learning in school settings. He distinguishes reception learning from rote and discovery learning; the former because it doesn't involve subsumption (i.e., meaningful materials) and the latter because the learner must discover information through problem solving. A large number of studies have been conducted on the effects of advance organizers in learning and learner's performance. Clawson and Barnes (1973) attempted to determine the effects of different types of advance organizers. Their work showed that advance organizers with pictorial, graphic, and manipulated materials were more effective than verbal and expository advance organizers. Khale and Nordland (1975) investigated the differential effect of an advance organizer on the meaningful learning of information presented to the learner in a structured programme of individualized instruction. The results of their study indicated that advance organizers did not function to increase meaningful learning. Lucas and Fowler (1975) examined the effects of three types of advance organizers on learning. The experimental groups were exposed to audio, video and written advance organizers while the control group was exposed to a history passage. The results showed that there were no significant differences between the experimental and control groups on any of the factors. Watkins (1983) examined the effects of using different modes of advance organizer on the performance in music by some non-music majors. The results showed that both the advance organizer and the modes of it did not show any significant effect on the performance of the students. But the advance organizer models when compared with the advance organizer alone revealed improved performance for each of the treatment interventions. Lautz (1983) examined the effects of advance organizer and subsumers on learning. The investigator exposed the experimental groups to verbal, graphic and comparative organizers while the control group had no organizer. The results showed that advance organizer models were facilitative to both immediate and delayed test performances. In a study carried out by Abdulahi (1980) in Nigeria, behavioural objectives were used as advance organizer in teaching chemistry to a group of students. The results showed that there were no statistically significant treatment effects. The mean scores of the experimental group were however superior to those of the control group. In a related study Ausubel (1960) found a significant difference between a group which used advance organizer consisting of 500 words on a passage related to the actual learning material and a control group without an advance organizer.
Studies on what constitutes an advance organizer have produced conflicting conclusions while inconsistent results have also been reported in literature on the effects of advance organizers. This has uncovered the need for further study on the nature and effect of advance organizers. Thus, the present study was to determine the effect of behavioural objectives on students' achievement in senior secondary school mathematics instructions when used as advance organizer. According to Abdulahi (1980) , a behavioural objective refers to the behaviour one would like a learner to be able to demonstrate at the end of an instruction. Since it projects specific learning outcome, a behavioural objective can be used as an introductory overview of the learning material, thus functioning as an advance organizer. Like other advance organizers, behavioural objectives could stimulate the cognitive structure of the learner for possible incorporation of new information.
Research Questions
This study sought to find answers to the following questions:
• Will there be any significant difference between the pretest achievement scores of students exposed to the experimental and control interventions?
• Will there be any significant difference between the posttest achievement scores of students exposed to the experimental and control interventions?
• Will there be any significant difference between the students' knowledge and comprehension levels of cognition after being exposed to the experimental and control interventions?
Research Method
Design: This study adopted a pretest-posttest control group quasi-experimental design (Campbell and Stanley, 1960) .
Target Population:
The target population for this study comprised all the second year students in public Senior Secondary Schools (SSS) in Ibadan metropolis, Oyo State, Nigeria. There are twenty-one public senior secondary schools in the metropolis. SSS year two students were considered for the study because the researchers believed that:
• The students have attained some level of maturity and confidence needed for participation in the study having been taught SSS mathematics for at least one year.
• The students were not being prepared for any immediate external examination that could distract them from full participation in the study.
• The Trigonometry topics used as intervention in the study is contained in the SSS year two Mathematics curriculum.
Sampling Procedure and Sample:
The following criteria, using the judgmental sampling technique, were used to select the schools that took part in the study:
• The school must be a public co-educational secondary school;
• The SSS year two students in the school must not have been taught any of the trigonometric topics treated in the study;
• The school has graduate mathematics teacher(s) teaching SSS year two students;
• The school intend to present candidates for the 2009 May/June Senior School Certificate Mathematics Examination.
• The school must have SSS year two students offering Mathematics, Chemistry, Biology, and Physics.
From the six secondary schools that met the criteria above, two were purposively selected to participate in the study. The two schools chosen were those that have equal number of students (45 each) in their SSS year two science classes. Thus, a sample of ninety (90) SSS year two students (52 boys and 38 girls) participated in the study. The two classes of ninety students were then assigned randomly into an experimental class and a control class, with equal numbers in each class. The experimental class was taught using behavioural objectives as intervention/treatment while the control class was taught without the use of advance organizer.
Course Content Selection:
The topics in trigonometry aspect of SSS II Mathematics curriculum covered in this study are limited to Pythagoras' Theorem, The Ratios of Sine, Cosine and Tangent of Angles, Angles of Elevation and Depression, The Sine Rule and the Cosine Rule. These topics were selected because each can be taught at knowledge, comprehension and application levels of complexity (Bloom, 1956) . Again, the choice of the topics was based on the report, from the West African Examination Council's (WAEC) chief examiner's in Mathematics, that students generally performed poorly in the trigonometric aspects of the year 2008 school certificate Mathematics examination questions (WAEC, 2008) .
Test Construction/Instrument: Test items for the study were selected from students' mathematics textbooks (SSS 2), past WAEC question papers and published materials. The criteria used in devising the instrument were:
• The instrument should consist of items measuring knowledge, comprehension and thinking levels of the selected topics.
• The test items should be appropriate to the level of understanding as specified in the behavioural objectives list.
• In order to increase the content validity of test instrument, a panel of secondary school mathematics teachers, to include at least two SSS 2 teachers, should approve that the test items covered all the topics specified in the behavioural objectives.
The resultant instrument was a test named the Mathematics Achievement Test (MAT)
The MAT is a 40-item multiple-choice Mathematics achievement test with four options per item. The MAT was constructed and validated by the researcher to measure students' achievement in Mathematics covering the selected trigonometric topics covered in the study and was based on appropriate knowledge, comprehension and thinking levels of cognitive domain (Yoloye, 1982) . The first 15 items of the validated instrument covered knowledge skills, the next 15 items covered comprehension skills while the last 10 items covered thinking skills. To test the reliability of the instrument, the 40-item MAT was administered on a sample of 40 students (22 boys and 18 girls) in a school that was not part of the study, but whose students are similar in age and class to the students involved in the study. From the students' responses, a reliability coefficient of 0.81, using the Kuder-Richardson method [Formula 21] was obtained.
Procedure:
The two mathematics teachers in the selected schools were the instructors for the students that took part in the study. They were trained for one week on how to administer the intervention and control treatments. Before instruction, the test was administered to the experimental class and the control class at the same time as pretest. Then, the two groups were taught by their different instructors for the duration of the instructions. The students in the experimental class were given the behavioural objectives for each lesson and all the topics treated during the teaching period before each lesson/topic was taught. The lessons/ topics in the control class were taught without behavioural objectives. However, other instructional materials which were part of the learning package were given to both the experimental and the control classes at the same time.
Both experimental and control classes were not aware that they were being involved in a study. Also adequate protection was made against any knowledge of or access to the list of behavioural objectives by the control class. Although each class was taught by a different instructor, efforts were made to minimize differences in teaching styles and undue enthusiasm on the part of instructors by having the instructors plan their lessons together, use the same textbooks, teaching aids, quizzes and tests. As much as possible the instructors also used the same length of time to teach each topic. The teaching period lasted for six weeks. The items in the pretest instrument ware rearranged and re-administered on both classes, as posttest, at the end of instructions to measure the learning that had taken place.
Data Analysis:
The objective test scores were corrected for guessing by means of the formula Test Score = R -W , where k -1 R = number of items the students got right W = number of items the students got wrong k = number of alternatives in the multiple choice test item.
The independent-samples t-test, at the .05 confidence level, was used to compare means of the two classes on the pretest, posttest, and on the knowledge and comprehension components of the test for possible test of significant difference.
RESULTS
The sequence of the presentation of the results obtained in this study is in accordance with the research questions raised to guide its investigation.
Research Question 1:
Will there be any significant difference between the pretest achievement scores of students exposed to the experimental and control interventions? Table 1 shows the means and standard deviations of the pretest scores of the two classes. The result revealed an insignificant outcome (t = 1.36, p > .05). This implied that the mean pretest score of the students in the experimental class is not significantly different from that of the students in the control class at the .05 confidence level.
Research Question 2:
Will there be any significant difference between the posttest achievement scores of students exposed to the experimental and control interventions? Table 2 shows the means and standard deviations of the posttest scores of the two classes. Comparison of the difference between the posttest mean scores of the two classes yielded a significant outcome (t = 12.88, p < .05). This result implied that the students in the experimental class (exposed to behavioural objectives as advance organizers) recorded significantly better posttest achievement scores than their colleagues in the control class.
Research Question 3:
Will there be any significant difference between the students' knowledge and comprehension levels of cognition after being exposed to the experimental and control interventions? Table 3 shows the means and standard deviations of the students' posttest scores in the knowledge and comprehension levels of the two classes. The results revealed non significant outcome in the students' scores at knowledge level (t = 0.78, p > .05) but a significant outcome in their scores at comprehension level (t = 8.92, p < .05). These outcomes revealed that while there seems to be no significant difference between the mean scores of the two groups of students at their knowledge level of cognition, the students exposed to the experimental intervention significantly achieved better than those in the control class at their comprehension level of cognition.
DISCUSSION AND CONCLUSION
The results of the present investigation showed that the pretest mean score of the students in the experimental class was not significantly different statistically from that of the students in the control class. This outcome is a confirmation that the two groups of students entered the instruction/experiment on equal strength since their pretest scores revealed no significant difference; the higher mean score recorded by the experimental class notwithstanding. This finding is necessary in order to show that if any significant difference is observed in the posttest mean scores then such difference would not be attributed to chance but the effect of the intervention. Consequently, the posttest's mean score of the students in the experimental class was found to be significantly different from that of their colleagues in the control class. This finding has again revealed the efficacy of the use of advance organizer in enhancing students' achievement in mathematics. This finding, though not in agreement with the outcome of a similar study conducted by Abdulahi (1980) in chemistry, is however corroborating the studies of Clawson and Barnes (1973) and Lautz (1983) which showed that advance organizers with pictorial, graphic, and manipulated materials were more effective than verbal and expository advance organizers. An interesting but surprising finding in this investigation is the obtained significant difference between the experimental class and the control class at the comprehension level of mastery but a nonsignificant difference between the two groups at the knowledge level of mastery. The implication of this finding is that when behavioural objectives are used as advance organizers in mathematics instruction, there is a higher possibility that the students' would perform better at the comprehension level of mastery than at the knowledge level of mastery. The finding is surprising because it is an opposite outcome against the much held believe and general expectation that mastery of content is easier to attain at the knowledge level than at the comprehension level. One likely explanation for this outcome is that because the students in the experimental class were provided with the behavioural objective of a lesson prior to its instruction, the learners' attention were actually directed to the most important aspects of the lesson which involves what they were able to pick from the lesson in terms of understanding the main concepts than the mere ability to recall facts, definitions and formulae, which knowledge skill is more concerned with. All these findings indicate trends which suggest that more studies are still needed to determine the effect of behavioural objectives when utilized as advanced organizers.
Specifically, this study investigated the effect of the use of behavioural objectives when used as advance organizers on mathematics achievement at the senior secondary school level. The study is an addition to empirical studies on the effectiveness of the use of advance organizers in mathematics instructions in the classroom. The results of the study revealed that the use of behavioural objectives as advance organizers is an effective strategy for teaching and learning mathematics at the senior secondary level. The strategy is also capable of improving students' mastery of content at the comprehension level than at the knowledge level. Based on the findings of the study, it is hereby recommended that behavioural objectives and other forms of advance organizers should be used by teachers of mathematics in instructing their students at the secondary school level. It is equally recommended that one effective strategy, which has the potential of enhancing students' achievement in mathematics, for mathematics instructions in schools is the use of behavioural objective as advance organizers.
